The methods generally employed for the determination of sucrose in .sugar beets have changed very little during-the past thirty years. Copper reduction and polarimetric methods have generally been used. In recent years cbromatogTaphic procedures have been developed that provide excellent means of separation of the sugars and eliminate some errors involved in the above methods (I, 2, 7, 12) 3. The basic methods of paper chromato graphy of sugars giving solvent and spray reagents have been reviewed by Kowkabany (10). Many colorimetric methods for quantitative analysis from the chromatograms have been reported (3, 5, 6, 8, 11, 13, 14) . Dubois et al. (4) recently reported a colorimetric method for sugars based on the formation of a yel low color between phenol and the hydroxyfurfurals produced from the sugars by treatment with sulfuric acid.
Tbis paper reports the application of the Dubois method for the determination of sucrose in sugar beets.
Materials and Methods
Sugar beets were obtained from the Crop Science Depart ment in the Fall of 1963, washed and frozen at -20°C, until used.
Extraction of sugar. The frozen beets were thinly sliced. One hundred gram samples were extracted for 10 minutes in a 'Waring blendor with 100 m!. of boiling-95 per cent ethanol. The blended material was quantitatively transferred to a 1000 m!. volumetric flask with hot 90 percent <;>thancl and held in a water bath at 70°C. for 30 minutes. It was then cooled to 20°C. and made to volume with 90 percent ethanol. The liquid was filtered throwrh E and D 512 filter paper and 700 m!. of filtrate collected. The filtrate was concentrated to about 50 ml. in a Buchler flash evaporator at 38°C., made up to 100 m!. with water, and centri fu ged at 2500 rpm for 20 minutes. The extract not used im mediately for chromatography was stored at -l7°C.
Paper chromato!!,raphy. The extract was chromatogTaphed on vVhatman No.1 filter paper, 24 X 60 em. usin~ the descendin g procedure. Two microliters of the sug-ar beet extract were spotted at 4 places, 6 em. apart and 3 cm. from the edge of th e paper, on a line 3 inches from the top of the paper. The chromato grams were developed using n-butanol-acetic acid-water (4: I :5) for 60 hours at 20-22°C. in a chromatographic cabinet (15). The chromatograms w"ere dried at 25°C. for about 12 hours and the two 6 cm. side strips, each containing one original spot, were cut . from the paper. These were sprayed with benzidine spray (9) and heated at 105°C. for 10-15 minutes for color development and location of the sucrose. The strips were then matched with the center portion of the paper and the two sections correspond ing to the location of the sucrose spots were cut out. Each section was cut into about I square centimeter pieces, placed in 50 ml. beakers and covered with 10 m!. of redistilled water. The beakers were covered and allowed to stand for 30 minutes ,vith occasional shaking. The eluate was filtered through glass wool to remove the cellulose lint and the amount of sucrose was determined by the Dubois method (4). A blank paper was d eveloped and ex tracted to serve as a control.
Colorimetric procedure. Two ml. of sugar solution were transferred into 1.5 X 18 cm. pyrex tubes and 0.125 ml. 80 per cent phenol solution was added. Then 5 m!. of concentrated sulfuric acid was rapidly introduced (10-20 seconds) . The tubes were held in a water bath at 25-30°C. for 10-20 minutes for the development of the yellow-orange color, cooled and the absorb ancy measured at 487 mp' with a Beckman D .U. spectrophoto meter, slit width .015 mm. The concentration of sucrose was determined from the standard curve. 
Results and Discussion
The absorption curve for sucrose shows maximum absorption at 487 mp' ( Figure I ). The optimum phenol concentration for maximum color formation was 100 mg. (.125 m!. 80 percent phenol solution) (Figure 2 ) . The standard curve for sucrose fol lows Beer's law in the range of concentration used (Figure 3) . Raffinose has the same maximum absorption as sucrose, requires the same phenol concentration for maximum color formation and the standard curve follows Beer's Law ( Figures I , 2, 4) . Raffinose was not determined quantitatively because very little was present. It would have required the application of more than 50 microliters of the extract to the paper and because of the high concentration of sucrose, the two sugar spots would overlap. . 500
,.. The resu Its obtained using a pure 15 percent sucro.se solu tion are given in Table 1 . The recovery of sucrose averaged 100.3±1.2 percent. The procedure was found sensitive and accurate enough to determine quantitatively sucrose concentra tions of 25 to 500 micrograms per 2 microliters.
The variations between replicate determinations of sucrose in one sugar beet extract are given in Table 2 . The average sucrose concentration was IS. 3± 0.3 percent. The results obtained were 0.5 to 1.0 percent lower than those obtained by the polarimetric method. The recovery of sucrose added to the sll~ar heet samples is presented in Table 3 . Five grams of sucrose were mixed thor oughly with representative beel samples and the sucrose deler mined by the method given. The overall recovery of sucrose for 16 determinations vvas 5.0= 0.2 grams representing an average of 99.4±:3.7 percent. The sucrose concentration 111 sugar beets may be calculated by the following formula:
01 _ (y) (E) (S) 10 Sucrose -(U) (A) (10) (C) y micrograms of sucrose on the standard curve corre sponding to the absorbancy. E milliliters of water in which the papers are eluted (10 mI.). S milliliters of sugar beet ex tract after concentration (100 mI.). U milliliters of eluent used in DU (2 mI.) . This may be reduced to % sucrose = 2.8 when the quanti ties ~'iven are used.
From the results obtained in this study, it is concluded that the method described provides an accurate procedure for the determination of sucrose in sugar beets.
